
 

 

 

FLOOD HAZARD EVALUATION AND 
FOUNDATION RECOMMENDATIONS 

BORREGO SPRINGS SUBDIVISION 
APN 141-080-05 

BORREGO, CALIFORNIA 
 
 

Prepared for 
KRS Development, Inc. 

401(K) Retirement Savings Plan (002) 
FBO Kent R. Smith 

San Marcos, California 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Prepared by 
TERRACOSTA CONSULTING GROUP, INC. 

San Diego, California 
 

Project No. 2418 
August 2, 2006 

 



 

 

Geotechnical Engineering 

Coastal Engineering 

Maritime Engineering 

4455 Murphy Canyon Road, Suite 100      San Diego, California  92123-4379      (858) 573-6900 voice      (858) 573-8900 fax 
1513 6th Street, Suite 104      Santa Monica, California  90401-2500      (310) 576-1086 voice      (310) 576-1083 fax 

www.terracosta.com 

Project No. 2418 
August 2, 2006 
 
 
 
 
KRS Development, Inc. 
401(K) Retirement Savings Plan (002) 
FBO Kent R. Smith 
1578 Palomar Drive 
San Marcos, California 92069 
 
 
FLOOD HAZARD EVALUATION AND 
FOUNDATION RECOMMENDATIONS 
BORREGO SPRINGS SUBDIVISION 
APN 141-080-05 
BORREGO, CALIFORNIA 
 
 
Gentlemen: 
 
TerraCosta Consulting Group, Inc. (TCG) is pleased to provide this report, which 

presents the results of our hydraulic and flood hazard study, and their affect on 

your proposed development.  We have also provided preliminary foundation 
design criteria for residential construction consistent with the County of San 

Diego’s Borrego Valley Flood Management Report. 

The subject 50-acre property spans a good portion of Hellhole Canyon, the 

entirety of Fire Canyon, and the southerly portion of Borrego Palm Canyon, with 
flood waters from at least the southerly two alluvial drainages passing through 

the property.  We have also superimposed the proposed 50-acre development on 

the County’s Flood Hazard Map for Borrego Valley contained in the County’s 
Borrego Valley Flood Management Report, a portion of which is reproduced in the 

accompanying report. 

As a contributing author of the original Borrego Valley Flood Management Report 
and the principal investigator/author of the Technical Basis for Design of 

Structural Improvements for the Borrego Valley Flood Control Master Plan 
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(Appendix 3 of the County’s Flood Management Report), we can offer that in 
1989, it was envisioned that the Flood Management Report would help facilitate 

and encourage flood management guidelines for very limited-growth rural 

development in the Borrego Valley through a variety of non-structural flood plain 
management techniques.  Where more urban development was proposed, it was 

also envisioned that the Flood Management Report would help facilitate and 

encourage the developer to work with both the County and the downstream 

property owners in effectively passing flood flows through and/or around the 
urban areas without adversely affecting downstream property owners and 

neighboring properties along the same contour within a given alluvial fan 

boundary.  Ultimately, it was and remains the County’s desire to safely pass the 
flood flows down the various canyons with a minimum of disruption to both 

private property and public infrastructure through the fan terminus alluvial wash 

and ultimately down to the Borrego Sink. 

In Appendix 5 of the Borrego Valley Flood Management Report, a wide variety of 

structural flood control alternatives were investigated for reducing flood flows in 

Coyote Creek, Henderson Canyon, Borrego Palm Canyon, Hellhole Canyon, and 
Tubb Canyon.  Of the eleven alternatives discussed in the Flood Management 

Report, five were devoted to the Borrego Palm Canyon / Hellhole Canyon study 

area, with significant technical background provided for Borrego Palm Canyon as 
the basis for designing any future structural channelization projects throughout 

the valley.  Moreover, the Borrego Palm / Fire / Hellhole Canyon complex 

currently floods the most urbanized area of the valley, with considerable attention 
given to these three coalescing alluvial fans, all of which also affect the subject 

property. 

As the principal author of the Technical Basis of Design for Structural 
Improvements for the Borrego Valley Flood Control Master Plan and, as this 

document describes in some detail the hydraulics specific to Borrego Palm 

Canyon, we have reproduced portions of the technical appendix specific to 

Borrego Palm Canyon to provide additional insight into the flood hazards within 
the upper reaches of these coalescing alluvial fans, and to provide additional 
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technical basis for the proposed foundation design criteria, consistent with the 
County’s Flood Management Report guidelines. 

We appreciate the opportunity to be part of your design team for this project.  If 

you have any questions or require additional information, please give us a call. 

Very truly yours, 
 
TERRACOSTA CONSULTING GROUP, INC. 
 
 
  
Walter F. Crampton, Principal Engineer 
R.C.E. 23792, R.G.E. 245 
 
WFC/jg 
Attachments 
 
(2) Addressee 
(5) Ms. Jo MacKenzie, The MacKenzie Group 
(1) Mr. Mark Stevens, Stevens-Cresto Engineering 
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FLOOD HAZARD EVALUATION AND 
FOUNDATION RECOMMENDATIONS 

BORREGO SPRINGS SUBDIVISION 
APN 141-080-05 

BORREGO, CALIFORNIA 
 
 

1 PROPOSED PROJECT 

The proposed 50-acre development lies adjacent to and westerly of Hoberg Road, just 
north of Palm Canyon Drive on the western flanks of the Borrego Valley in eastern 

San Diego County, California.  The development extends from Palm Canyon Drive 

northerly a distance of approximately 3,680 feet and extends westerly for a distance 
of approximately 600 feet to the easterly boundary of the Anza Borrego Desert State 

Park.  The southerly 920 feet of this relatively long and narrow parcel has been set 

aside for a future commercial site, with the northerly 2,760-foot parcel proposed for 
thirty-three 1-acre minimum residential sites, with loop access off Hoberg Road.   

The 50-acre property spans the majority of Hellhole Canyon, the entirety of Fire 

Canyon, and the southerly portion of Borrego Palm Canyon, with flood waters from 
at least the southerly two alluvial drainages passing through the property.  We have 

also superimposed the proposed 50-acre development on the County’s Flood Hazard 

Map for Borrego Valley contained in the County’s Borrego Valley Flood Management 

Report, a portion of which is reproduced herein as the Site Plan, Figure 1. 

Figure 1 also shows the alluvial fan boundaries and the depth-velocity lines for use in 

designing flood protection improvements on these alluvial fans, as provided in the 

County’s Flood Management Report.  Also shown on Figure 1 are the eastern limits of 
the State Park boundaries, which abut up to the western property line of the subject 

property. 

The Tentative Parcel Map prepared by Stevens-Cresto Engineering is included as 
Figure 2.  As indicated on both Figures 1 and 2, site topography is primarily 

controlled by the Hellhole alluvial fan, with average gradients passing through the 
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site on the order of 3.3 percent.  Proposed site improvements are relatively limited 
and are confined to at-grade asphalt concrete driveways and underground utilities.  

Recognizing that these one-acre lots are near the mouth of Hellhole Canyon and Fire 

Canyon, the proposed residential improvements will be limited to pier-supported 
elevated structures capable of passing the 100-year flood flows beneath the elevated 

structural first floor of the residences.  The piers supporting the elevated structures 

must also be designed to accommodate scour around the piers resulting from the 

presence of the pier within the floodway.  Similarly, at-grade asphalt concrete 
driveways will require sufficient cut-off walls and/or thickened edges to preclude 

flood-induced undermining and damage to the access driveways. 

2 DESCRIPTION OF STUDY AREA 

The Borrego Valley is bounded by relatively rugged granitic terrain on all quadrants, 

with all drainage flowing to the Borrego Sink located near the southeasterly edge of 

the valley, and thereafter discharging to the east through the Borrego Sink Wash.  
The valley itself has been formed by alluvial processes from Coyote Creek, which 

trends in a southeasterly direction and is fed by a 137-square-mile upland watershed.  

The alluvial fan, developed from the Coyote Creek watershed, is the predominant 
geomorphic feature within the valley and controls virtually the entire topography of 

the valley.  Seven recognizable alluvial fans are incised into the relatively rugged 

crystalline terrain to the west, often coalescing with an adjacent fan a short distance 
down into the valley.  Borrego Palm Canyon, Fire Canyon, and Hellhole Canyon 

represent the central western portion of the valley side slopes, with these three 

canyons having drainage areas of 25 square miles, 0.7 square mile, and 12.5 square 
miles, respectively.  Hundred-year design flood flows for these three canyons are 

11,700 cfs, 4,000 cfs, and 7,700 cfs respectively.  The County typically combines the 

Fire Canyon and Hellhole Canyon 100-year design flows for any projects downstream 
of the confluence of these two canyons, which would clearly be appropriate for the 

subject site. 
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3 BORREGO VALLEY SPECIAL FLOOD HAZARDS 

Design floods in the Borrego area are based upon summer tropical storms of brief 

duration and extreme intensity.  Sizeable floods have occurred in recent years in the 

Borrego area and most of the flooding has taken place in the summer and fall months 
from local thunderstorms and tropical cyclones generated in the south Pacific and 

Gulf of Mexico.  During these severe storms, large quantities of overland flow develop 

in the sparsely vegetated granitic mountains that surround Borrego Valley. The 

surface runoff collects in narrow steeply walled canyons, and upon reaching the 
canyon mouth, the unconfined water spreads into sheet flow across the wider alluvial 

surfaces. 

Upon reaching the alluvial fan, the permeability of the active channel bed changes 
from relatively impervious (representative of the steep, mountainous upland section) 

to highly pervious alluvial sands and gravels which comprise the planar surface of the 

fan.  These relatively clean alluvial deposits have initial infiltration rates upwards of 1 
inch of rainfall in 3 to 5 seconds (Group Delta Consultants, 1988). These substantial 

infiltration losses further complicate an evaluation of flood flows moving 

downgradient on the fan due to the non-steady-state discharge characteristics of the 
flood flow. 

Topographically, the alluvial fans originate as relatively steep deltaic features 

emanating from the mouths of canyons, and become progressively flatter as they 
approach the lower valley floor. The upper reaches of the fans are largely confined to 

wide arroyos or fanhead trenches.  This area is often referred to as the channelized 

flow zone and is characterized by a single entrenched channel cut into the head of 
the fan. Depending upon the available upland sediment supply, this typically 

degrading zone may occasionally aggrade, resulting in a more random flow even near 

the head of the fan. A good description of fanhead entrenchment is provided by 
Schumm and others (1987).  Continuing downslope, the washes widen into a 

complex braided pattern of active and inactive courses. These channels are generally 

confined by low, near-vertical banks that are easily breached, diverting flood stage 

runoff into sheet flow across the desert floor. 
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Important to an understanding of alluvial fan hydraulics is that flood flows on an 
alluvial fan are not typically constrained to a given flow width, and they tend toward 

a dynamic equilibrium to most efficiently accommodate the sediment-laden flood 

flows transiting the fan.  This essentially means that, although flood flows down the 
face of the fan can have a relatively high transport capacity, as long as sufficient 

sediment yield is supplied by the watershed, a state of stream equilibrium can be 

maintained, which results in neither erosion nor deposition of sediment.  In order to 

evaluate the aggradation and degradation within a reach of a stream bed or the less 
constrained alluvial fan, it is necessary to divide the reach into several sections and 

calculate the sediment transport into and out of a given section.  Streams tend to 

aggrade or degrade in discrete reaches.  The process alternates between aggradation 
and degradation as the flow passes from one reach to the next.  The rate at which 

aggradation or degradation takes place depends upon the sediment yield, the grain 

size of sediment particles, and the stream discharge.  These discrete reaches are not 
fixed in space.  They tend to shift back and forth with respect to time, magnitude of 

water discharge, and land-use changes. 

The process of sedimentation can be described mathematically as follows (Lane, 
1955; Chang, 1988, pg. 28, eq. 2.30): 

( ) ( ) ( ) ( )sediment discharge x sediment size  stream slope x stream discharge∝  

For example, if a river has a certain water discharge with a stabilized sediment grain 

size distribution, which has been developed after a number of years, the channel will 
establish its slope, cross-sectional shape, and flow pattern to most efficiently 

accommodate the flow.  The channel will remain in equilibrium by adjusting any one 

of the above parameters in response to changes in the stream flow. 

Examination of the previous relationship leads to the conclusion that ephemeral 

(intermittent) streams never attain a true state of equilibrium.  The discharge 

changes drastically from little or no flow most of the year, to large flood flows for a 
short duration.  Ephemeral streams are constantly changing in response to the very 

erratic, short-duration, high-intensity flood flows that pass through them. 
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Researchers have recognized that unconstrained flood flows down alluvial fans, and 
within all natural streams for that matter, tend toward an equilibrium or regime flow 

condition, which can be numerically described in a general form for width, depth, 

and flow velocity (Leopold and Maddock, 1953). 

These equations are given by: 

B = ΦQα 
D = ∆Qδ 
V = ΩQω 
 
Where: 
 
B = flow width 
D = flow depth 
V = flow velocity 
Q = flow volume 

Due to the principle of continuity, it follows that: 

( )BD V Q Q Q Q= = ( )Φ ∆ Ωα δ ω  

and 

α δ ω+ + =
=
1
1Φ∆Ω

 

Since we are primarily interested in the regime width of flow, which in turn affects 

the total sediment transport capacity of a given volume of flow crossing the alluvial 

fan, we will concentrate on the general width equation.  Although described in 
significantly more detail in the Technical Appendix to the Borrego Valley Flood 

Control Master Plan, the exponent α is primarily a function of the channel bed’s 

natural tendency to resist erosion with higher values indicating more easily erodible 

soil, and lower values indicating less erodible soils.  Both α and Φ are functions of the 

specific watershed characteristics and cannot be implicitly solved for, given the 
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characteristics of the Borrego Valley watershed.  However, α is a function of Φ and, 

as discussed in the Technical Appendix, regime equations for flow widths on alluvial 

fans have been developed for southern California conditions and are appropriate for 

the Borrego Valley. 

The three regime equations cited in the Technical Appendix follow: 

W Q= 2 54 0.65. K Rams Hill  

W Q= 9 5 0.4. K Dawdy  

W Qn S= 17 2 3 8 3 16. ( ) // / K Cabazon  

The Rams Hill equation developed by this author was for the upper reaches of the 
alluvial bajada (a series of discrete coalescing alluvial fans) just east of Yaqui Pass 

Road, where the gradient on the alluvial floor was approximately 5 percent.  The 

Dawdy equation developed by David Dawdy (1979), originally for FEMA in 
developing their flood hazard actuarials, is currently in use throughout the arid 

southwest.  Moreover, Dr. Dawdy was retained by the County of San Diego to review 

the procedures outlined in the Borrego Valley Flood Management Report, and it was 
his conclusion that his regime equation was well suited for Borrego Valley and 

particularly on the lower slopes of the valley.  The Cabazon method was developed 

for the community of Cabazon in Riverside, California, by PRC Toups in 1980, and 

essentially mirrors the Dawdy equation.  Regime widths obtained from the three 
equations, along with other hydraulic parameters, are shown on Figure 3. 

Important to this preceding discussion is the regime width for a given flood flow 

beyond which any channel widening is unlikely.  This again is due to the 
conservation of energy, recognizing that a progressively wider channel requires more 

energy to convey a given amount of sediment-laden flood waters.  The Rams Hill 

equation, although indicating a somewhat wider regime width, was developed for a 
condition having a slightly steeper valley floor slope (5 percent) than the 3.3 percent 

slope passing through the subject property. 
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As a practical matter, however, what drives stream bed degradation or aggradation 
within a discrete reach is the potential for channel confinement, which locally 

accelerates flood waters, increasing sediment transport capacity and degradation 

potential.  This, of course, occurs with elevated building pads within the floodway 
and is more severe when using the Dawdy or Cabazon models. 

4 SEDIMENT TRANSPORT CAPACITY 

The configuration and characteristics of an alluvial channel are influenced most by 

the sediment balance of the system, i.e., the relationship between the sediment 
transport capacity of the flowing water and the available sediment.  Sediment 

transport itself is influenced by the complex interrelationship of several parameters 

including the grain size, density, shape and cohesiveness of the bed and bank 
material of the channel; the geology, hydrology, meteorology, topography, soils, and 

vegetative cover of the drainage basin; and the width, velocity, slope, temperature 

and turbulence of the flowing water.  A change or alteration in one parameter will be 
followed by changes in others.  Alluvial systems are dynamic in nature, continually 

seeking a new equilibrium condition in response to changes in flow. 

In order to understand the processes of aggradation and degradation in free-flowing 
streams, an understanding of the mechanisms of sediment transport is necessary.  

When a liquid starts moving, hydrodynamic forces are exerted on the solid particles 

of the bed along the wetted surface of the channel or river.  An increase in the flow 
intensity creates an increase in the magnitude of these forces.  Hence, for a channel 

bed composed of noncohesive sandy soil, a flow condition will be reached at which 

particles in the bed are unable to resist the hydrodynamic forces, and are dislodged 
and eventually will start to move along the channel bottom.  One method for 

evaluating transport capacity is to evaluate the bed shear stress, which is a function 

of water depth and channel slope, and compare that to the critical shear stress 
(tractive force), which is a function of particle geometry, and, at higher flow rates, 

the sediment transport rate.  For a given flow condition, the difference between the 
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bed shear stress and the critical shear stress provides a factor for evaluation of 
sediment transport capacity. 

Numerous equations exist for calculation of the sediment transport capacity of a 

given stream.  Equations have been developed to calculate the suspended or wash 
load, the bed load, and the total sediment load within a stream.  Other things being 

equal, the transport capacity of the bed load increases with increase in suspended 

load (due to increased bed shear stress).  However, due to the hard rock terrain 

which surrounds the Borrego Valley, only limited suspended load is produced from 
the watershed.  Sand size particles, which make up the bed load, are the predominant 

source material for aggradation and degradation in fairly high energy alluvial 

environments.  As such, we have limited our evaluations to the bed load type of 
equations.  There are essentially three different approaches to evaluating the bed 

load within an alluvial stream.  They are (1) the DuBoys-type equations, which 

consider the shear stress relationships; (2) the Schoklitsh-type equations, which 
evaluate the velocity and discharge relationships within a given channel section; and 

(3) the Einstein-type equations which are based on statistical considerations of the lift 

forces. 

As can be seen on Figure 4, each of the various sediment discharge formulae may 

yield variations in sediment discharge of several orders of magnitude (Vanoni and 

others, 1977, pg. 221), making it difficult to select a formula for analyzing a 
particular problem.  Each formula has been developed to model a particular set of 

data and may be considered appropriate for similar conditions.  Many of the formulae 

presented in the literature were developed for canals that typically have slopes 
ranging from 0.0001 to 0.001 feet per foot.  Figure 5 depicts the sediment discharge 

relationship using six different formulae given a channel slope of 4 percent.  Figure 6 

depicts the range in sediment discharge using the same six equations given a constant 
flow rate and varying the channel slope from 0.0001 to 0.1 feet per foot. 

The sediment transport capacity equations become more complicated when dealing 

with supercritical flow.  Most of the flume data used to formulate the earlier 

equations, such as the DuBoys and the Shields equations, were limited to only 
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subcritical flow.  Several of the authors, such as Ackers-White (1973), indicate that 
their formulae have not been tested for supercritical flow regimes.  The formula 

developed by Engelund-Hansen (1967) has been developed for both subcritical and 

supercritical flow and reportedly produces good results. 

The selection of the most appropriate bed load capacity formulae is complicated by 

the fact that the results of different formulae differ substantially and it is uncertain as 

to which one gives the most realistic result.  Items such as temperature, viscosity, 

flow velocity, specific density of the fluid and sand particles and variations in particle 
size affect the transport capacity of an alluvial stream.  By varying particular 

parameters, the discharge relationships would vary somewhat from those shown on 

Figures 4, 5, and 6.  The six equations used to produce Figures 5 and 6 are presented 
and discussed in some detail in the Technical Appendix.  It was ultimately concluded 

that the Engelund-Hansen equation was most appropriate for modeling supercritical 

flood flows in the Borrego Valley. 

The transport capacity of the alluvial stream is further complicated by the changes in 

flow resistance associated with the changes in bed form caused by changes in the 

stream power, τov = γRSV (Chang, 1988).  Selection of the roughness coefficients is 

likewise complicated when dealing with shallow flow due to the increased effect of 

surface roughness relative to the hydraulic radius. 

A close examination of the equations reveals that changes in channel width result in 

sizeable variations in the sediment transport capacity.  In other words, relatively 

narrow channels are considerably more efficient and hence have higher sediment 
transport capacities than the less efficient wider and shallower channel.  Depending 

on the formula used, variations in sediment transport capacity could amount to a 

five-fold increase with a ten-fold decrease in the channel width.  The importance of 

this concept becomes quite clear when we examine alluvial fans in which almost all 
storm runoff occurs as sheet flow, confined to only a small portion of the relatively 

steep alluvial fan. 
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In order to use the general regime equations, it is necessary to evaluate the constants 

Φ, ∆, and Ω.  Unfortunately, these constants are a function of the specific watershed 

characteristics and cannot be implicitly solved for, given the characteristics of the 

Borrego Valley watershed.  Fairly large variations in these constants exist when 
comparing the available information in the literature.  Table 1 provides a summary of 

both Φ and α for the 20 stream channels studied by Leopold and Maddock (1953).  

For the streams studied, α appears to be a function of Φ, and this relationship is 

illustrated in Figure 7. 

Table 2 provides a summary of the values obtained for the three exponents from 

natural streams and rivers by several different researchers (Graf, 1971, pg. 255).  

Regime formulas developed by Russian researchers have determined that α equals 

0.57 (Kondrat'ev and others, 1959; Chang, 1988, pg. 22).  On the basis of flume 

studies, it has been determined that α equals 0.9 for truly cohesionless sands 

(Wolman and Brush, 1961). 

It should be noted that the data presented in Table 1 and Figure 7 represent 

generalized regime conditions for natural streams which are not ephemeral and, 
admittedly, somewhat different than an alluvial fan.  Data on alluvial fans is 

somewhat sparse at best, and most researchers continue to model alluvial fan 

hydraulics based on the available regime data.  As such, there is a natural tendency to 
limit flow widths and, hence, increase the unit discharge on the fan.  This has a 

rather significant effect on the scour potential and computed bed load capacity.  In 

general, higher α values result in a greater width of unconfined regime flow down 

the fan and a lower unit sediment discharge rate.  It is interesting to note that alluvial 

fans in the Death Valley region of California and Nevada have a headland watershed 

between 1 and 30 square miles, and a relatively uniform slope ranging between 4.5 
and 17 percent (no trends, just average scatter values).  For these conditions, the 

width of the active wash or channel sampled along seven washes in the Death Valley 

region ranged between 400 and 6,000 feet (Denny, 1965).  Although no attempt was 
made to determine the regime coefficients for width of the active wash, it is 

interesting to note the major variations in flow width that develop on steeply braided 

alluvial fans. 
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In general, the α coefficient provides an indicator of the relative cohesiveness of the 

material exposed in the banks of a channel, acknowledging that an upper limit, i.e. 

purely cohesionless coarse-grained sands, would have an α value of 0.9, and a 

nonerodible channel would have an α value of zero (0).  As reported in Table l, α 

values measured by Leopold and Maddock ranged from 0.3 (very little change in flow 
width, with increase in discharge) to 0.59 (large increase in flow width, with increase 

in discharge). 

As can be seen from Table 2, an α coefficient in excess of 0.5 seems appropriate for 

alluvial fans in the Borrego Valley, realizing that 0.9 would be an upper limit.  One 

can argue that, since most ephemeral streams in the arid southwest United States 

typically have some natural cementation on the side slopes of the bank, exponents of 
0.5 may be somewhat low for the Borrego Valley.  Admittedly, alluvial fans generally 

consist of noncohesive sandy soils having little or no fines; however, the presence of 

vegetation tends to provide artificial cementation which in turn would tend to limit 

horizontal development of a particular stream channel.  The α coefficient used in the 

design of the flood control improvements at Rams Hill was 0.65 based on this 
hypothesis and the regime equation was calibrated using existing geomorphic 

features in the site vicinity (Woodward-Clyde Consultants, 1982). 

5 THE BORREGO VALLEY REGIME EQUATION MODELS 

As part of the perimeter flood control design for the Rams Hill Development, 

Woodward-Clyde Consultants (WCC) staff conducted site surveys of the braided 

upper reaches of the alluvial fan where localized geologic constrictions forced fairly 
uniform sheet flow just upstream of these constructions, thus enabling back-

calculations of the available capacity within the several braided channels.  These 

calculations allowed calibration of the general regime equation for width as a 
function of flow for hydraulic conditions unique to the Rams Hill site.  A detailed 

discussion of the calibration approach can be found in WCC’s referenced documents.  

For the Rams Hill development, the design regime equation for width is as follows: 
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W = 2.54Q0.65  . . .  Rams Hill 

Two other regime equations have been considered in development of the design 

criteria for structural improvements within the Borrego Valley.  Namely, the equation 

developed by Dawdy (1979) and the equation developed for the community of 
Cabazon in Riverside, California (PRC Toups, 1980).  Equations for the regime width 

using these two methods are as follows: 

W = 9.5Q0.4   . . .  Dawdy 
W = 17. 2 (Qn)3/8 / S3/16 . . . Cabazon 

The Dawdy method was designed primarily for use in flood frequency estimates on 

alluvial fans which have subsequently been adopted by the Federal Emergency 

Management Agency, FEMA.  Dawdy made the assumption that flow on the fan 
maintains critical depth and velocity and that the channel stabilizes approximately at 

a point where dD/dW = -0.005.  By taking the first derivative of D with respect to W 

and setting this value equal to -0.005, one arrives at the equation W = 9. 5QO.4.  
Although other investigators have criticized the Dawdy method (McGinn, 1980), it 

does provide a computational method for assigning a flood hazard to a given site for 

subsequent use in writing flood insurance policies.  Since policies are, in part, set by 
actuarials, the Dawdy method does a good job at fulfilling the basic needs of FEMA.  

It should be pointed out, however, that the α coefficient of 0.4 may be somewhat low 

for the alluvial fans within the Borrego Valley and, therefore, the computed unit 
transport capacity at a given site may be unrealistically high.  This requires a 

conservatively designed structure to mitigate channel bed scour in the vicinity of a 

structure. 

The Cabazon method is a derivative of the Dawdy method, with the assumption made 

that the Manning's resistance equation is more appropriate than the critical depth 

used by Dawdy.  The Cabazon method also assumes that the width-depth ratio 
stabilizes at 200.  Thus, by equating this to the first order derivative of depth with 

respect to width using Manning's equation, one obtains the regime width equation 

developed by PRC Toups. 
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The Cabazon method provides an interesting dilemma in that one must now select a 
Manning's n-value in order to compute the regime width.  As one can imagine, 

relatively low n-values (say on the order of 0.025 to 0.035) would result in 

substantially larger computed sediment discharge rates than those obtained by the 
Dawdy method (this actually varies with the bed load equation used).  The Cabazon 

study used n-values of 0.035, which resulted in relatively narrow regime channel 

widths and relatively high flow velocities; substantially higher than what would have 

been obtained using the Dawdy method.  As before, the same comments would apply 
to the Cabazon method.  Of the three methods, the Cabazon method is most likely to 

result in streambed degradation when confined by any structures or elevated building 

pads.  The Rams Hill method would be most likely to cause stream bed aggradation 
for the same channel construction. 

The Dawdy method and the Cabazon method both assume that the channel stabilizes 

at a width-depth ratio of 200.  Dawdy admits that this is based on his personal 
communication with Boyd Lare, U.S. Army Corps of Engineers, in 1978.  Admittedly, 

most of the literature referencing regime flow conditions cites width-depth ratios of 

less than 200.  It is important to note that, with the exception of the Denny (1965) 
data, virtually no information is available regarding the regime flow width down 

alluvial fans.  Leopold and Miller (1956) recorded width-depth ratios upwards of 400 

on the Canada Ancha, near El Rancho Montoso, an arroyo in New Mexico.  Moreover, 
they measured Froude numbers on the order of 1.5 during estimated peak flows.  

This, of course, is at variance with the Dawdy method.  It is also interesting to note 

that, for this arroyo, Φ ≈ 13.1 and α = 0.39. 

Some controversy still exists between various researchers regarding the flow regime 

of alluvial fans (Dawdy, 1979; PRC Toups, 1980; French, 1984; Schumm and others, 

1987; Chang, 1988).  Regime flow on alluvial fans is considered to be either 
supercritical or critical.  For critical flow to occur, the equivalent Manning's n-value 

must approach 0.1, which results in relatively deep flow depths; a feature not 

typically observed on alluvial fans.  Critical flow combined with high width-depth 
ratios results in the lowest possible computed value of sediment discharge delivered 

to a structure.  Critical flow and narrow width-depth ratios (the Dawdy method) 
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provide somewhat higher computed sediment discharge values at a structure.  
Supercritical flow (assuming n-values of 0.025 to 0.035) and narrow regime flow 

widths (the Cabazon method) generate the highest computed sediment discharge 

values at a structure (depending upon the bed load equation used).  The actual 
effects of these different assumptions are illustrated on Figure 8 and described in 

more detail in the following section. 

6 DESIGN CONSIDERATIONS 

When designing a structure sited on an alluvial fan, whether intended to convey 
sediment-laden flood waters through urbanized areas or to simply protect other 

improvements in or adjacent to the structure, one must balance the sediment 

transport capacity, through or around the structure, to that value delivered to the 
structure.  This is especially true for channels with armored banks and erodible beds, 

where a substantial change in transport capacity could cause substantial erosion and 

damage to the structure if the transport capacity in or around the structure were 
increased relative to the upgradient transport capacity.  Similarly, a reduction in 

transport capacity could cause the structure to fill in, overtopping the structure with 

uncontrolled sediment-laden flood waters then breaching the structure, likely to the 
detriment of downgradient improvements. 

As indicated on Figures 4 and 5, for a given slope, sediment transport capacity is a 

function of the flood water discharge and is typically expressed in terms of pounds 
per second per foot.  With alluvial fans, the selection of a regime equation then 

becomes an important factor, as a relatively wide regime width results in a relatively 

low unit flood water discharge, with a corresponding low sediment discharge.  To 
properly model the effect of structures, and particularly structures on the upper 

reaches of an alluvial fan, use of the proper regime model is important when sizing 

structural improvements. 

The County’s Flood Management Report addressed in some detail the hydraulics 

specific to Borrego Palm Canyon immediately downstream of Hoberg Road to 

illustrate the structural design requirements necessary for sizing a flood control 
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channel through that area, capable of accommodating both the flood flow and 
sediment flow, while minimizing the streambed degradation or aggradation.  The 

sediment discharge rates were based on the DuBoys, Engelund-Hansen and Ackers-

White bed load equations, with the results as follows: 

6.1 Evaluation of Available Regime Equations 

W = 9.5Q0.4    ... Dawdy Method 

W = 17.2(Qn)3/8/ S3/16     ... Cabazon Method 

W = 2.54Q0.65    ... Rams Hill Method 

Using Borrego Palm Canyon as an example, the design hydraulic properties are as 

follows: 

 Q100   = 11,700 cfs 
   S = 2½% (in the vicinity of the inlet to the County’s proposed Borrego Palm 
   Canyon flood control structure) 

   n = 0.025 

It should be noted that the effect of using vastly different Qs values at the inlet to 
a structure is not as significant as one might initially think since the same bed 

load equation is then used to size the structure.  Additionally, as can be seen, the 

use of an α = 0.65 and a very high width-depth ratio does not necessarily imply 

that one is using a liberal design philosophy.  This initial step merely provides the 

input into the channel, which then allows one to size the channel and evaluate its 

Bed Load Equation 
DuBoys Engelund-Hansen Ackers-White 

Method 

Regime 
Width 
(feet) 

Flow 
Depth 
(feet) 

Qs 
(#/sec) 

qs 
(#/sec/ft) 

Qs 
(#/sec) 

qs 
(#/sec/ft) 

Qs 
(#/sec) 

qs 
(#/sec/ft) 

Froude 
No. 

Velocity 
(ft/sec) 

Dawdy 402.7 2.97 237,985 591 125,037 311 2,878 7 1.0 9.78 
Cabazon 288.9 2.39 110,346 382 187,269 648 8,970 31 1.93 16.94 
Rams Hill 1129.8 1.05 84,547 75 73,873 65 8,384 7 1.70 9.86 
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tendency to either aggrade or degrade.  Simply stated, the most realistic model 
should provide the designer with the best information. 

The implication of the preceding table is more problematic for the proposed 

development in that the 33 proposed 1-acre residential lots, when measured 
along the contour, have a typical dimension on the order of 250 to 300 feet and, 

thus, if either the Dawdy or Cabazon method properly models the regime 

conditions, the entire design storm from any flood flows originating from 

Hellhole/Fire Canyon or Borrego Palm Canyon could, worst case, pass through a 
single lot.  If, for example, one were to build an elevated pad covering less than 

25 percent of the lot area, as envisioned by the County’s Flood Management 

Report, this 10,000-square-foot pad could easily block from 30 to 50  percent of 
the design flood flow, with stagnation pressures resulting in upwards of several 

hundred pounds per second per foot of sediment dropping out of suspension.  

Assuming the fluidized alluvial sands have a bulk density on the order of 80 
pounds per cubic foot, this results in about 1 cubic yard per lineal foot of 

deposition upstream of the structure every 8 to 10 seconds.  Flood flows diverted 

around the structure can be equally as damaging, now confined to the sidewalls 
of the structure, with an increased unit discharge and increased scour potential 

adjacent the structure. 

The preceding example illustrates the value of designing elevated structures that 
are at risk from flood scour, with the entire structure founded on a series of 

drilled piers designed in conformance with the applicable requirement outlined 

in Section 2 of the Borrego Valley Flood Management Report.  Specifically, 
structures should be designed so that the entire design flow can pass between 

obstructions and exit at the downstream end of the property in its natural 

condition, without negative effects on the neighboring property.  Thus, regardless 
of the actual regime conditions, a residential development can be built on the 

upper flanks of an alluvial fan and properly designed to minimize the risk from 

flood scour by minimizing any impediments to non-constrained flood flows down 

the face of the alluvial fan. 
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Given the preceding table for the Borrego Palm Canyon structure, which summarizes 
the hydraulic conditions for the three regime models, with corresponding flow 

velocities ranging from 9.8 to almost 17 feet per second, a more detailed scour study 

was also conducted using the Federal Highway Administration Hydraulic Engineering 
Circular No. 18 (HEC-18).  A summary of the hydraulic design conditions specific to 

the site are listed below using the County’s methodology, along with the three regime 

models.  Engineering calculations for the HEC-18 evaluation are also included in 

Appendix A and summarized in the following paragraphs. 

Regime Models 
 County Method Dawdy Cabazon Rams Hill 

Q100 (cfs) 11,700 11,700 11,700 11,700 
Flow Depth (ft) 2 - 2¼ 2.97 2.28 0.98 
Regime Width (ft) --- 402.7 274.2 1,129.8 
Velocity (fps) 6½ - 7 9.70 18.54 10.61 
Froude No. 1 1 2.17 1.89 
Manning’s n value --- 0.057 0.025 0.025 
 
NOTES: - S = 0.033 through the study area 
 - n = 0.025 except for the Dawdy method, which assumes critical flow conditions 
 - The County method values were interpreted from the Flood Hazard Map contained in the 

1989 Borrego Valley Flood Management Report.  The range in values results for flood 
flows originating from the Hellhole/Fire Canyon or the Borrego Palm Canyon. 

Note also that with the Cabazon model, the computed velocity of over 18 feet per 

second seems unreasonably high and the regime width unreasonably low.  
Discounting these criticisms, and as indicated in the following paragraphs and the 

supporting calculations, scour depth is a function of upstream flow depth and Froude 

number, with the Cabazon method actually generating very similar scour depths to 
those calculated by the Dawdy method. 

Note that both the County method and the Dawdy method are based on the critical 

depth assumption, which is inappropriate when conducting a more rigorous scour 
analysis.  For this scour analysis, we have used the site-specific channel bed slope of 

0.033.  For these conditions, a supercritical flow regime exists when using both the 

Rams Hill and Cabazon models, with Froude Nos. of 1.89 and 2.17, with 
corresponding flow velocities of 10.61 and 18.52 for the Rams Hill and Cabazon 

models, respectively.  Because of their wide variances in regime widths, the 
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supercritical flow depth for the Rams Hill model is 0.98 foot, while the Cabazon 
model results in a supercritical flow depth of 2.28. 

7 PIER SCOUR 

The County’s Borrego Valley Flood Management Report provides general design 
criteria for pier scour, the salient points of which are included in the supporting 

calculations in Appendix A.  For our evaluation of pier scour, we have also used the 

Federal Highway Administration’s November 1995 Hydraulic Engineering Circular 

No. 18 - Evaluating Scour Bridges, Third Edition, Publication No. FHWA-IP-90-017 
(HEC-18), along with Melville and Coleman’s (2000) Bridge Scour Water Resources 

Publications (WRP). 

HEC-18 first requires an assessment of the long-term bed elevation change, which, 
absent any urbanization upgradient of the project, along with the geomorphology of 

alluvial fans, it is safe to say that over the next 100 years, there should be no 

significant long-term trend in either aggradation or degradation of the alluvial fan 
surface.  While HEC-18 goes on to describe a variety of scour mechanisms, the only 

one of practical relevance to the subject project is the local scour that occurs at piers 

resulting from the stagnation pressure of impinging flood flows on the upstream side 
of the pier. 

In our analyses, we have assumed that the drilled pier would be reinforced with steel 

I-beams, specifically an M 4X13 encased in a 12-inch-diameter concrete shaft.  
Conventional steel reinforcing could also be used. 

The CSU equation has been used to evaluate local pier scour as described in HEC-18.  

Figure 6, below, from HEC-18 provides a graphical representation of scour depth as a 
function of pier width. 



KRS Development, Inc. August 2, 2006 
401 (K) Retirement Savings Plan (002) FBO Kent R. Smith Page 19 
Project No. 2418 
 
 
 

 

 
Fig. 6, HEC-18 

This relationship can be expressed mathematically as follows: 
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where: 

 ys  = Scour depth, ft 
 y1  = Flow depth directly upstream of the pier, ft 
 K1  = Correction factor for pier nose shape from Figure 7 and Table 2 = 1 
 K2  = Correction factor for angle of attack of flow from Table 3 or Equation 23 = 
1 
 K3  = Correction factor for bed condition from Table 4 = 1.1 
 K4  = Correction factor for armoring by bed material size from Equation 24 and 

Table 5 = 1 
 a  = Pier width, ft = 1 ft 
 Fr1  = Froude Number directly upstream of the pier = V1/(gy1)

1/2 
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or 

ftys 87.2=  

Please note that K4 decreases scour depths for armoring of the scour hole for bed 

materials that have a d50 $ 60 mm.  As the d50 of the alluvial sands is on the order of 

1.0 mm, the value of K4 is 1.0. 

7.1 Scour from Debris on Piers 

Debris production within the semi-arid ephemeral systems of the Pacific Southwest is 

at times significant and the likelihood for debris accumulation on structure 
foundations must be considered in design, as it increases both scour and lateral 

loading from the larger frontal area provided by the debris raft.  Appendix G of 

HEC-18 provides an interim procedure for estimating the effect of debris on local 
scour at piers.  However, as stated in the appendix, "Engineering judgment and 

experience is used to determine the width, w [of the debris raft]." As no design 

guidelines are provided for selection of a reasonable debris raft size, we have elected 
to use design criteria developed by Melville and Dongol (1992), as described in the 

WRP document and referenced in HEC-18.  The discussion on debris loading 

contained in the WRP has been reproduced and is included in Appendix B for 
completeness.  McClellan (1994), as part of his work on the subject, concluded that 

under low Froude Number conditions, the debris rafts tended to be shallow and 

extensive in plan area, while under high Froude Number conditions, the debris rafts 
tended to be deep and narrow.  The WRP data suggested floating debris raft 

thicknesses varying from 0.52 to 1.64 times the pier diameter, and the floating debris 

raft diameter varying from 2.1 to 6.9 times the pier diameter.  Moreover, the 

maximum local scour depth recorded in model studies was 3.6 * b [α when using the 

HEC-18 nomenclature; “b” is used here as it is referenced in Appendix B], 

representing a 50 percent increase over that of a uniform circular pier (ds = 2.4*b).  
Given this criteria, and assuming a Froude Number on the order of 2 to be considered 

high, we have assumed the following: 
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bd • 2.5*diameter 

Td • 1.5*diameter 

The equivalent debris raft pier diameter for the Rams Hill model with a 12-inch-
diameter drilled pier is then calculated as follows: 

 
y

bTybT
b ddd

e
)52.0(52.0 −+

=  (Eq. 6.22, WRP) 

 
98.0

1*)5.1*52.098.0(5.2*5.1*52.0 −+
=eb  

be = 2.19 feet 

Inserting this equivalent pier diameter into Eq. 21, HEC-18, then yields the effects of 

a debris raft on local scour fronting a 12-inch drilled pier, as follows: 

88.489.1*
98.0
19.2*1*1.1*1*1*0.2 43.0

65.0
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⎜
⎝
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y
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or 

ftys 78.4=  

7.2 Width of Scour Holes 

The top width of the scour hole has been approximated as 2.0 ys, as suggested in 

Figure 13 (HEC-18) and reproduced below. 
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Fig. 13, HEC-18 

This suggests scour holes around 12-inch-diameter drilled piers may approach 10 feet 
in their top width. 

As indicated in both HEC-18 and WRP, the design scour depth includes both general 

scour and local scour, the latter of which results from any variety of obstructions 
within the floodway.  For this project, local scour is limited only to pier scour, which 

is described in the previous paragraphs as a function of the upstream water depth, 

the Froude No., and the structure characteristics.  The County also provides design 

criteria for pier scour as a function of velocity and pier diameter. 

General scour, or simply the variation in bed form, is also usually expressed in terms 

of upstream water depth, with recommended ranges in general scour varying from 1 

to 2 times the upstream water depth.  The WRP recommends 1½ y1; the County’s 
method describes general scour on the face of an alluvial fan as a function of velocity 

and, for 6 to 8 feet per second, recommends, 1.8 y1.  HEC-18 recommends general 

scour depths in braided streams ranging from 1 to 2 times the upstream water depth.  
In our analysis, we have used a general scour depth of 1.5 y1 and also carried 

forward, in its entirety, the County method for comparison with the design scour 

depths determined from the various regime model methods.  The following table 
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summarizes the design water depth using both the HEC-18 approach for the various 
regime models, along with the County method. 

Design Scour Parameters 

Regime 
Model y1 V Fr ys ys* 

 
y ytotal 

Dawdy 2.97 9.70 1 3.22 3.99 4.46 8.45 
Cabazon 2.28 18.54 2.17 4.10 5.35 3.42 8.77 
Rams Hill 0.98 10.61 1.89 2.87 4.78 1.47 6.25 
        
County 2 - 2¼ 6½ - 7 1 3.5 3.5 1.8 - 2.03 5.3 - 5.53 
 
NOTES: As indicated previously, the range in County values represents flood flows out of 

the Hellhole/Fire Canyon and the Borrego Palm Canyon alluvial washes. 

 - ys represents the local scour associated with the pier obstruction 

 - ys* represents the local scour associated with a debris rack accumulating 
around the pier 

 - The design scour depth, ytotal, is the summation of both general scour, y and 
ys*. 

As indicated in the preceding table, the HEC-18 design scour depth is similar to the 
County’s design scour depth regardless of the regime model.  However, when the 

debris rack is included in the local scour evaluation, all regime models then estimate 

larger scour depths than the County method.  For these conditions, the debris rack 
around a 12-inch-diameter drilled pier is estimated to have a width of 2.5 feet and a 

depth of 1.5 feet, resulting in an effective equivalent pier diameter ranging from 1.39 

to 2.19, depending upon the regime model selected (see Page 12 of the calculations), 

which results in local pier scour associated with debris loading ranging from 4.0 to 
5.4 feet. 

Given the preceding discussions regarding inconsistencies in the Dawdy model and 

the unreasonably high velocities and narrow regime widths in the Cabazon model, 
we have used the Rams Hill regime model for estimating the design scour depth, 

including the debris rack, which results in a design scour depth of 6.25 feet compared 

to the County’s 5.3 to 5.53 foot design scour depth. 
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Given the design scour depth, the structure must then be elevated above the 100-year 
design flood level, which the County specifies as 2 to 2¼ feet for design storms 

originating out of the Hellhole/Fire Canyon and Borrego Palm Canyon alluvial fans, 

respectively.  Accordingly, we recommend a minimum 3-foot clear space above the 
highest adjacent topography as the bottom cord elevation of the structural first floor 

of any elevated structures. 

For at-grade structures, including access drives, not influenced by the presence of 

drilled piers, the design general scour depth, depending upon the selected model, 
ranges from about 1.5 to 4.5 feet and, given the previous considerations, we would 

recommend a minimum cut-off wall depth of 3 feet. 

It should be noted that driveway or concrete slabs adjacent to drilled piers can 
become undermined by the localized scour hole developing around the pier, with a 

maximum surface expression of approximately two times the pier scour depth.  

Accordingly, we recommend that the surface expression of any pier scour hole be 
estimated to have a radius of 10 feet measured from the centerline of the drilled pier 

and surface improvements designed to accommodate these local scour holes. 

8 FOUNDATION DESIGN RECOMMENDATIONS 

8.1 Lateral Pier Capacity 

In keeping with the County’s requirements in the 1989 Borrego Valley Flood 

Management Report, the entire residential structure should be founded on a series of 
drilled piers, with the bottom elevation of the structural floor joists a minimum of 3 

feet above the highest adjacent grade.  As indicated previously, we have assumed that 

all piers will be 12-inch diameter cast in drilled hole shafts, reinforced with a steel 
wide flange, M 4X13, with its strong axis pointing upgradient.  Piers shall be 

designed to accommodate a total cantilevered height of 9¼ feet when exposed to 

flood waters loading both the debris rack and the remaining exposed concrete shaft.  
For this condition, the design lateral load applied to each drilled pier is 1,255 pounds 

with a corresponding induced moment of 6,755 foot-pounds.  As the design wind or 
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seismic loads will not occur during a 100-year design storm, we suggest that the 
design unsupported drilled pier height for resisting seismic or wind loads be on the 

order of 3 to 4 feet, assuming some level of wind loading could accompany some 

level of flood-induced scour adjacent to drilled pier foundations.  In our analyses, we 
have assumed a 4-foot cantilevered pier height for wind and seismic loads. 

Resistance to lateral loads applied to drilled piers is developed through deflection in 

the pier, which mobilizes the reaction of the soil into which the pier is embedded.  

The resisting pressure applied by the soil to the pier depends upon the relative 
stiffness of the pier and soil, as well as the depth of embedment. 

Failure of a laterally-loaded pier takes place either when the maximum bending 

moment in the loaded pier reaches the ultimate or yield resistance of the pier section, 
or when the lateral earth pressures reach the ultimate lateral resistance of the soil 

along the total length of the pier.  For purposes of definition, failure of piers with 

relatively “short embedment” takes place when the pier rotates as a unit with respect 
to a point located close to its toe.  Failures of piers with relatively “long embedment” 

occur when the maximum bending moment applied to the pier exceeds the yield 

resistance of the pier section, and a plastic hinge forms at the section of maximum 
bending moment.  Investigators have suggested that piers be grouped relative to their 

dimensionless depth of embedment, L/T, where: 

L = embedment length of the pier in feet, and 

)
f

EI(=T 5
1
 (divided by 12 to convert inches to feet) 

Short piers are generally defined as L/T being less than 2.0, and long piers are 

generally defined as L/T being larger than 4.0. 

The quantity EI is the stiffness of the drilled pier, and f (coefficient of variation of soil 

modulus) would be on the order of 40 pounds per cubic inch for the alluvial sands. 

The structural capacity and load deformation characteristics of the drilled piers can 
then be determined using the elastic theory approach developed by Matlock and 
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Reese (1962).  A condensed version of this approach is outlined in the NAVFAC 
Design Manual DM-7.02, Chapter 5, Section 7, a copy of which is included in 

Appendix C.  Calculations are also provided in Appendix A demonstrating the 

capacity for the 100-year design flood debris rack loading, along with a maximum 
suggested allowable lateral capacity for seismic/wind loading of 1,650 pounds per 

drilled pier. 

8.2 Axial Pier Capacity 

Axial pier capacity is based on an assumed minimum design embedment depth of 
12¾ feet (22 feet total) to accommodate the design lateral capacity, and an allowable 

soil adhesion value of 600 pounds per square foot applied below the design scour 

depth.  For this condition, a 12-inch-diameter cast-in-drilled-hole pier embedded into 
the medium dense to dense alluvial deposits would have an allowable axial capacity 

of 24,700 pounds per pier.  If any additional axial capacity is needed, pier depths can 

be deepened accordingly. 

8.3 Alternative Foundation Types 

Although this report focuses on drilled pier foundations, alternate foundation types 

can be used when consistent with the design criteria contained in the County’s 
Borrego Valley Flood Management Report and when supported by an “engineering 

study”, as described on Pages 21 and 22 of Appendix II of the Borrego Valley Flood 

Management Report. 
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TABLE 1 
REGIME CHARACTERISTICS OF STREAM CHANNELS 
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